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^-v : 



immz,] mm* 

s 

$ tt r m m & z mi& l , njg ^ - -r <o & ti t % u n t * m ^ nit g * $ 2 m j$ 

im^m 2 ] tmm 1 ^m^mmmiza^x^ 
mum2mm^it. &mmm¥<o%mm&&iz&\,*x&m-t2>9>?®&* 

i»*^3] ipm^i ttzit2iz$m<D5£m®i&izis^x, 
[»*^4] m^mi %^L3<D^i?tifrKt? i m.<D%m®ffii l z&\,*x, 

6 ] if k^>l5 <D^-rtifri,ztm<7)5£m®mz£\,*x, 
[ts^7] ma&\ %^L6<D^Tfr^zum<vmm®m<nm&j]&x 
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mtmm®ffi<7)®mmzwmL, m^mmm**^^ t t uses 

fc*g«xfi<h, 

Huieii«iiiif&<7)Bufe^2Miiig§^iiii^^^^ML, mriaEEmtiftfjT-^^i 
t mm* t uses l £ t § w^^ncoi^, Huffif§jgms§<7)!§tg^- yo* y 
t#£ i J^±np^-r^fijt#p^x^i^. 

mifefij!#psxfi(i, nmm^mmE.m.mm i f-<7)4 > n°-^>^<7)3^± 

[0 0 0 1 ] 
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[0 0 0 2] 

(Quartz Crystal Microbalance I Q CM) tf&B ZtiX^&o Z<DQC 
/^'7A (ng) J^T^Sfi*t^mi"*C t^DrtlT** <b ^*>^<b, /^*-fe 
10 0 0 3] 

(CI) <fgffcU ifc'IWKfcit 

S*^'f>kf-/>^3j^'t 1 J:') 1 0-30^S^#<i:So Z.(Dtztb, Q 
CMIi, TKB^K/W^^tcio^Tmi (#tg) i"-6«t -9 tcHiglalKSrSIS^L 

ioi:Ltv^: (#!lx.fi\ #lt»l) o JltaCMOS^ibftS'fVA- 
[0 0 0 4] 

[flfMl] 1 1 - 1 6 3 6 3 3-^2r$R (^Iff 0 0 0 4 

> mi) 

[ilff^^m 2] §12 0 0 1 - 2 8 9 7 6 5 (l&iil^ 0 0 1 

5) 

[0 0 0 5] 
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mm&zti&t, nm^zm&LK^-x. m^^m&Lxi>MM*<v#mm'fa 

lsIK(±, l£|gOlHii&K&«*&£*L*:*&£\ ffi^oiIKH«fCWH««c$n^o - 
5£SIIII&©iitBJK&*§ «»T£«£Tv>fc^tt*0||]g&j;: 

[0 0 0 6] 

gC/TLfcJ:^:, ^iJx.^Sj^IrSW^4 , ^^v^T l 4 8. 2 SMHzT* 

K;fcv»Tliji&3 0 0 n£^rfo IH2 0 IZTjkLtzX o 7k&t6 

W}^it, &MJ$$L&r~*>& 1 4 8. 2 5MH ziSff Uj3lt&ft*B7& J ft- 9 OJS^ 

mbtc^o -tut***. &&xn2\zuifcz*ix^z>&mmm*, m^m^y* 
mm&iz x^xm^<omt}m^-^, m^^xumznum tost) klxm 

[0 0 0 7] 
[0 0 0 8] 
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mm * mfc-t & tz txD^m 

[Sl] 

Re (A /3 ) ^ 1 (mjjgkfr) 

I m (Ad) = 0 (J^ifcffc&fr) 

T&& 0 £CLK, Re (A/?) , Im (A/?) fi, 1f *»A /? 0^l3«<!:,!ii« 
<i> o 

[0 0 0 9] 

XhMtLmm t5 r*m.tLZ*kZ>£ o t*z L/Co 
[0 0 10] 

i ^rama*:, A^ffiij^HfriBm i &ffl®m<D&i)mzmmLfzMumm%*<v&t) 
Hm^izmmzti, mM^mum 1 ^mm^^xtjm^mmLtzmtm^cox 
ti^iz&mztixffimmffizmj&L, &w\s-y°<D\tmtmnt*mm^ifc% 
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[0011] 

i: f§J5 ;u - i"m IJ £ M£ £ * & tz ft , $ 1 m K J; o T #§ 

y 7s w izfrm £ tix ^ £ tz tt> , -if itiui&eof ijf##t$ <^ ^ WgWfc < W - "7° 

f iJtf^ft <h * if i" - <h rfX § £ o 
[0 0 12] 

m$, xtj-r^b mfcm*&mm®L&<r>m&. m a> - -?m frh&tzj y\£- y y * 
^%ii^ii*nL. xtJir&mfammmmtiL&frb-fti&tj y^-yy^-? 
-r&o zcD/ztb^ ?y7®ffi<D#Mmm&zi±mMmi L <v%mm®Lmt-&z^ 

[0 0 13] 

4 c «h 75 ? -e # , nig® B o & 43 & 1 1 & ftbfe £ £5t $ * & c. <h * ? -e # & o 

[0 0 14] 
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, ^-^glAT* ;/ h^M^^tiS AW (Surface Acoustic Wave) «& 
[0 0 15] 

ijj^ l > utr ismm^- £ $i*b * tmtQ* tizmwL/zt % (D^ti^tuz-D^x 
mmM^z%ffi twits* tiznmL/zt io^-rtuco^r, mtmrnm-^ 

i&mx h o X , %4g^ - -7°{£*I £ (5 (? 0 \z f & ftfflpgOffip £ £ C * H 1 fi 
ffii^^Xflt, M£^IlI{^<7)HiifS^2mi(lIJf&<7)[II^i5:^^ML, mrieEEm 

[0 0 16] 

H ? iJLt> 0 ztuzx*)^ i±mmm=f-zmmz5£mzitz>z\trfx£z> 0 ttz 

[0 0 17] 

MiBij^^g £ & £ * £ # % m mH<7)M v > Q C M & £ ffM-f £ - £ # & 

o 

[0 0 18] 
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mm 2 0 0 3 - 0 7 2 3 6 3 ^- v : 8/ 

H2 2, 2 4 mimm$&2 6 ^^iiLt*^»o mimm&2 6(4, 
±^ip§§? 2 2 . 2 4<nm^%mzn, xtim^mm^2 2<Dmt)^i<zmwtLx$> 
&mmmm%*2 A^xuMJ-^mmLxb&o 

[0 0 19] 

'jfitlUif&3 0(4, $2W^3 2i:, :<7)^2^@^A*in:i 

»J?-3 4 ZftLXM^2 4WM?-(:iILT^^ Hi^ffl^iiipS^2 2 
^A*^MLt*^„ t£oT, #§«[I]i&l 0(4, i^ipllal^ 2 0 tBM®& 
3 0 aaotS^-^fMLTv^o^tt, m&®&2 0 (OH 1 #tSHIS& 
2 6<7)tii^lIlJ(;(4, 7 7 1 2^iftSS 2 4 #?>| K«MK L "T * & <, & 

is, ElSS^3 4(i, til 2 *£fB[Uj& 3 2 <7yti^jn\^mLX i> 4v> 0 fg 
2TO0S&3 2 *tt#<DteffiE#* : ?-KJ:oT«J&U i:Eta^ 3 4 

£f£fiLT&4^ 0 LT, tUM^y7 r 1 2 (4, iffgglR 2 0 Officii, -f 
2 4<otti^i:8«UUv», 
[0 0 2 0] 

£ 1 ^ffl0K 2 6 is 4 2 #*§[I]j& 3 2 (4, M*^^»a»*T, t* 
, #&ffl[Ill&2 6, 3 2(4, 00 x. tfHJ 2 (1) - (3) (Ctf Lfzi*LffiZMtb2>m 

mm^, B33 (i) - o) ^TFLfziiffizmh^&mffimffitLxmm^z 

-t^tfli, 3<bK, ^fflHJjE&2 6, 3 2(4, [14 (1) (C^ L/cit^J*ig 
@!&^, TO (2) r^Lfc£?iJ#ffi@f&tN&oT*>«fci/>o #*§|flli&2 6 

, 3 2 (4, oS^mVJ K, "9"- ^ 7s ifipl^, ^ PJ 7°^, 55^ te 
ti^fCiotMt^It^Ho £<b(C, {£*g@8&2 6, 3 2(4, m 
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$IJfflJH]j&-e£>oT 4 iv^ 0 
10 0 2 1 ] 

d2 2(i, %i®&m&2 &<Dmj&mz^wm^Ltzi><r)x~$>& 0 022 ( 

1) K^L£1£*I1IhIS&2 6 t±, j£yiJ»cftjfi(|L^3ooJi(BiS2 0 OCiotfi 
LU^o fcfc'U *l^ffllaIJ»2 6 «r«JS-t&i««S2 0 0t±, lot'Uo 
tUoJil±t*oTUv>o IWIEI (2) (4. &l^fflHIB&2 6 

T-HctoT^L/j^iJ^^L^^OT^^o fit, IWIIU (3) 14, ^lSffiHl 
S&2 6 *mi,z±^xmf&Lf2m$:7jiL£zi><nx~!lb2> 0 @2 2C^L/:: 

[0 0 2 2] 

> tf-^>X<DA'-y 7 7 S:*to^:li(BS2 2 , 2 4 14, h 7 * fcffiv* 

fc«i«Eitt, &&jgfg3i (*^r>r) , Mi&^ipss, y^i»^»aigK ( 

Emitter Coupled Logic I E C L) , -fyf^ECL (PECL) ICiot 
fllfiKT-i^o fLT, EESig|*T-3 4 Ltli, ifcfiiBttT-* L B O (Li 2 B 4 
0 7 : H***Bft A) j|i^otJ:i>, Sfc, EEMtbT- 3 4 (4, A 
T*7hii^ BT*7b», GT*';MH^ S C * y h tK 
h b b "7 )\> 9 S A Wjgfi»Ji\ S AW7 -f ;i/ ? f*ot «t v> 0 
[0 0 2 3] 

:w^ML/:|lil»filll&l OCfe^tlt EEWftH^ 4 
B&l 0(4, fcifrffc^fcKifc^T, UmHtljT-3 4 ^flSHtC^H 

[0 0 2 4] 

H6(4 X H2HJfe^H^^ffim^i*^ffl^lilS&<7)yn y ^it^-5 0 111 6 
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5 4 <hl±m«ft!lT-3 4 i ? > ^ 0S& 5 6 t^Ltv^ 0 fcrtfU JEmJUtH^ 
4(±, Kf 2 ^ffiift 5 2 OA^ffl t:EI LT t J: ^„ 
[0 0 2 5] 

5 4 (i, ifflSELfcg 1 &*B@8&2 6, £ 2 *£*B®8£ 3 2 t |b]«U~1» 
tnct^Ho f U, ^IW5 4C0A^ffl(i, iiips[HS&2 0 
LTV>*ifi}BSI2 4C0tb^7^ : ?-^^LT^^o *£*BEftSB 5 4 Ott^flJ 

KW\ E*»T-3 4C-MI^LtA4o EEm»T-3 4 coflfe:frtf>« 
ffiti, JtMBI°IJ$2 0 Srfl*jS;LTv>SJiMBSS2 2WAMTt:iItt*^ 0 <£ L 

-^ffimigKiT- 3 4 £*fffi3£2 2 0A*» : f-tWIWJCg?ttLT**o ? @ 
{&56<7MM(i, 3>f>t5 8HLtiftU*So * > * @i& 5 6 f± 

[0 0 2 6] 

Ei2 3{i, m2mm^m^is^x^ mi&&®&2 e tm2&n®&5 2^ 

zx\ &ffi®$&zm2 3<7)£o \,zm±mmww t 9 9 y^mmmffizmuzz 

^Ltus^^^ ttf-v&ko m 1 mnjtmtom 1 ®mm& 2 6 
tm2^mmm 2 1 mmmm^^r 9 9 > xummmzm-t & x ^ k« 
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[0 0 2 7] 

7tci3v^-c, ^(PI[H8&2 0 ^MLti/^^1 #f@[HS&2 6 ^2#+IHlff&5 

2 ^^Lrv^#tin]ra5 4 tu, y ^m^tzwmmm. 

[0 0 2 8] 

iiipllfll^ 2 0 <T)W> 1 ^ffllUSS 2 6 (i. pT^#»^^^- K6 0 MEJ£#£ 
* y Ff^2oO* yyj y>f=i >T>^6 2, 6 4 t, #fflfTt^ & 3 >f ;U 
66L 2o«6 8, 7 0i^<9iotv>S o t*:b*>, il^ffliK2 6 

iiipl^2 2 <7)tB7J^T-^MLT*>^ t JSt/t6 8 ^LtMLUl, 

^tL^^mJE^ATJ-ST-tc^M^n^i: t n>f;i/6 6 go— «1LT 

4<D\l3^[ZW;WiLX$>Z>o f Lt, Pl^i^t-K6 0i2o<7)ij5i6 
8, 7 0 ^"SEErlriJfilpg! <£> T ^ ^ > X tljffp £ Ltv^ c 
[0 0 2 9] 

-7^ f£2#*BIIIi&5 2(0#ffiM5 4fi, n^m^r^ K7 4 it 
y M"& 2o^)A '^'J >^n>-f>-9-7 6, 7 8 t , &ffim=f-X$> 
Z>uj)V%0t^ 2o«8 2, 8 4 <h £• ^"•f" & 0 V4jr— K 7 4(i 

8 4%frLxtmfrbAt)2ti&mmmi±<D\t)iffi^izmm2ti2>o fit, * 

•;7' , J>^>'fH78«l±, *«S2 40ffi*» ; f C«Dl!Lt*«5o S 
fc, orm^-MV^ K7 4<D7/- Kli, *7/'J>^>f 6 0-^ 
Ui^LUSttU:, &#t8 2 £^LT«iLT£>&o * 7 7 a, J>^*3>f 
>t7 6«(i % 3/f;i/8 0O-^i:iiLt^^ o >f ;w 8 0 <7>«(i 

> Etm®I&^3 4 0-^tSi:I«LT*4, fit, pT^W*^^^-K7 
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[0 0 3 0] 

l±S«»^-3 4 colter <om&i, # v y yiyTy*Y % 6 fc^LfilMlSS 
2 2WAMT-t:iiLt^)^o Sti:, JtffBSi 2 2 (DXtJffi^t ii v 7'J > 7 
3>f'>t8 6^f B lt:(i, 9 >?®3&5 6tf&MLX&& 0 ? > ^ 0S6 5 6 (± 

>9®ffi5 6(±, ^^HS^^^pjihi-^/c^, *}gJS«C<7)t&B^j: « 
[0 0 3 1 ] 

£: d ^ T\ BEmSI*T«i> huIE LfzXn^^ t If$^ £ "Cti ^ > t? - 7* 

<mt-tz>o ^<Dtztb, &wm}=t-3 A*&%*K&^x$km.-+z>& 

[0 0 3 2] 

ffi?ij«T-Auv;ftL^«yrL^/h^ < £ ^ %mLx\<*2>m%L&<o&fcmmit 

[0 0 3 3] 
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#<7)fiK#^# < 4^^<!:m:o-c 1 J: ^§ < &£i#^&& 0 .zc7)J#£\ $g 

fcmmmm ^ ^ >v zmm -r %> t , mur^* c 0 £ a:^j«OT&m 

&m^nfzffl-<fcmz&tf z>&m% omt lx^x^^> 0 

[0 0 3 4] 

|g».fg<7)|§Jg|n]i& 5 Ofi, 4>\i-y'>X<7);<yyT$:mtetzmm 
§?2 2, 2 4H<toT > ^2#+BlnIS&5 2 b4 > ^>*6^53^t 1 
*£*IH]i&2 6Ci^ !§JgH]j&5 0<o;u-7°IH£^f£*@£f^1-& j: -9 \z LT^ 
£ (Hi ^»^<7)^IUJ^ 1 0&|WMf-C&£) o -f&fr^ 'ifillsIS&^f^tt^ 

^ 2 m^m^z i o tee*»^- 3 4 a*, t -ci&g-e % z> x o tzms 
zm&'t2>i<zwmtf$>2> 0 *zr\ m<D&mm, -f^^^mw^2 o \zwt 

fit, m2&ftmffi5 2<^)#|@»5 4 HcfcoTBff^^l&^^mH 
[0 0 3 51 
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^itv^o ^ igi#*i[p]j&2 60M r^? 

^t, IS 1 *£fSE]j& 2 6 C<fcoT{3:*B£^b£-£*:t LTfc, K.WM.W) 
T-3 4 Of§^^»^8ttL^^^m^i3lt-2)||«^^-r^- btf& < , SltgL 

fflH#OgB^*#^Uff &o d £ ring-fig £fc& 0 fi£oT, t mfe$> t -ejE 

[0 0 3 6] 

ifc, H2Hife^O|&4g|HlK5 0 K&^xii, t2f»52C^>^l3 
*«£IWlL^£*/?tt-?fc<, ^M^i±«»T-3 7*f£ig. HI 

iiflillllg&2 0 t^2#ffill£&5 2 t^fb^^>ffl;U-y<7)flJ#(i, 9 > * [HiE§ 

5 6 i:± o -CHI lWiTi^fcts, .1 f£ig|elS&5 OO^-tW^ 

6 H££*lJf#<7)Ji£l±0-C£>&o Lri>U * >?®&5 6 tcA^^^««#^ 

A»uig:TL, *«^«^<b(i-rn^3cvM-^ (mat) ^wtss^ 
ii^^ri±m»T-3 4oi&«a«[»:t— as-fr-scittcj: 19. nts&twn 

o 

[0 0 3 7] 
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HIl 2(±, %:M®3&5 OHctoTiEm^iljT-3 4 ^I^IMttil? 

Mi, M0i&5 OO^^I^^i-Ttz-^f^^tLTv^C i: ^fjt^t LT^ 
&o HI 2(i, ft^C^T'ilL/:©*,, BESig|*T-3 4 ^dBW- 

Sit L^tit'HILt, (^C&^T*£3lU-|&Jg1-£ J: n 

[0 0 3 8] 

fi\ f§igHJ]&5 0<D?>?mffi5 6 tiiiplH)i&2 0 <h (DT%*W 0 81 Ltt- 7°> 

-7V>W#, fi*B£JttB1-;2> (Xf^l 0 0) o-t"^^)^, y> )V--?<D 
Wtm-Z'J±mMW)l' 3 4 ^^t^^-C^ig^-^ -e^ftoH^JHr&m^iJJ^ 
-t^o fit, ^^^^v^^MO^«^tzi3tt^fiJ^O^fl:<!:fi+B<7)^ 

[0 0 3 9] 

£k<7)-e&& 0 -<7)ic^^t, fi+g^^toffl^^ojgtxlli--?>MIMci3v^ 

f3 4^« mm) miBL& &mwi) fif^ot, ^111^34^^ 

m-femmmxitLtttf 0 xmm* 1 x tz&i®&ftzmM-fz> 0 fcmtk 

#1 *ffi%.Lx^%^m&. *7- v7°\ 0 4 KBA,-ciii 1 &ttim&xmzft%7 

)V>-7°lzLfzt ^^iin^l ^I/:tJ:^:, f&iglUS&O*- y'y^-y'^ 
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<tm > ^ ? >x£^x.& 0 -nci ^ H13 <7)^ep l l 5 l/ZTjkLfzX n c 

®j®<nmt$:7F-fmmi)m i 3<7>±T:>jftm£ft!)U p^M^^^^^tt^effi 

7 7 , 1 0 2) o 

[0 0 4 0] 

fM^ft 1 rtW^tiT^&if^ XTy-fl 0 2^t J ^t7 7 p l 0 6 
TlitB^2^/j^tLrv^^S^**iJSfr1-^o COf£ffi##2(i, j±«16Sa 
^-3 4 £$i;*£fl£ £<DJrti^tiKi3^X, J±««!jT-3 4 

«^v^m^fofi+s^^ <mt-r hm^mm^a^x , pnm-r^m^mxitL 
m2&j®mMxm*ft%do -r^t>h. H2#tg@{^5 2<7)fiti*:*^ttiL. w 

titmxm2m®ffi5 2<D®ffi7£%tZ$iWt2> Uf77 s l 0 8) o "f &=b*>, 
Mx.(i"E17 tc^L/j#ffilUSS^5 4cor7^f ;u 8 0 <7M > ^ ^ ^ >x£^x.& 0 
LT, Xfy^lO OCIt), 7f';7'l 00~Xf 77°1 0 %<D^M^^f^n 

o 

[0 0 4 1 ] 

i)^fr*mm-tz> Uf^no), w###2(i, fita#f^i Hi*i#:^2 

fLT, Xf^l 1 0^ioV>TflJt##ft2^^.$tLrv^v^f^ > flJ&gRg 
Igt-*4^f7 "7°1 0 8 O&SfrfTfco Xf 77°1 0 OCIotXr 

f7*l 0 0-7f 77°1 1 OCO&L^lfJgfr&^o ^OfUff^fiHSKiS^Tfi, 

4 >\£-y>ze>3mmm&±£%2>* o hzirho ^v- vfi l 2 i,z&^x%m 
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[0 0 4 2 J 

&££5eS-££CL£a f -e#&o #Ux.f4\ H 2 5 Lfc «fc ^ (1, pT^S^ * 
-K6 0, 7 4(0*V- Kfc«JEA:fc^T-fc<aWUIS:ttfc*£t£7 0, 8 4 
StJLl3i-^o 4*3, nmsg*^*- K6 0, 7 4(0*7 - K^1U«2 
0 2, 2 0 411, ft!l»WJEv c i, v c 2£##J^&£#O&Jfi"T?&& 0 LT, M 

0, 8 4«ft LXWcfcLX&< 0 f Lt, JEmjgtfjT-3 4 £ 

tt«^?Sfru«ae Lfc t § ^^^<^#i4^bt3*ttDi-* ion, prsEiatfi: 

mi&tt®»2 6(4, «»[OJ(MBS«:E9iJ»iaLrfltlfiLr<> J: <, 31 

yy7s<r>rt~j ~7 r £it;fc£i#i|istl(4 3 ^>&±Xi> J:v> e 
[0 0 4 3] 

014 14, ^3»m g J^^I§SiIIif&<7)ro y ^IT^ot, £l^ffl@!fr 

mrnmi 2 0(4, ifipl[n]S§2 0 K!S:»tfc£l#ffi0f&2 6^2ocolii|ii^l 2 2 
, 1 2 4 t:iotfMLT*-?.o Z\tib<Dm%%Zl 2 2, 1 2 4 (4, iiipSf* 2 2 
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